J Clin Exp Dent. 2018;1 0(4):6367—70. Yttrium-tetragonal zirconia polycrystal

Journal section: Prosthetic Dentistry doi:10.4317/jced. 54571

Publication Types: Research http://dx.doi.org/10.4317/jced. 54571

Effect of surface treatments with acid solutions on the surface
roughness of an Yttrium-Tetragonal Zirconia Polycrystal

Frederico Goyata !, Yvna Galvao %, Thamyryz-Rafaela Simdes !, Luiz-Felipe Goyata 3, José-Alcides Arruda !,
Amalia Moreno !

' Department of Oral Surgery, Pathology and Clinical Dentistry; School of Dentistry, Universidade Federal de Minas Gerais
(UFMG), Belo Horizonte, MG, Brazil

2 Department of Restorative Dentistry, Sdo Leopoldo Mandic Institute and Dental Research Center, Campinas, SP, Brazil

3 Department of Restorative Dentistry, Sdo Leopoldo Mandic Institute and Dental Research Center, Campinas, Sao Paulo, SP, Brazil

Correspondence:

Department of Oral Surgery

Pathology and Clinical Dentistry, School of Dentistry
Universidade Federal de Minas Gerais, Belo Horizonte
Minas Gerais, Brazil. Av. Antonio Carlos, 6627
Pampulha, Belo horizonte, MG, Brasil

CEP: 31.270-901

amalia_moreno@yahoo.com.br

Goyata F, Galvao Y, Simoes TR, Goyata LF, Arruda JA, Moreno A.
Effect of surface treatments with acid solutions on the surface rough-
ness of an yttrium-tetragonal zirconia polycrystal. J Clin Exp Dent.
2018;10(4):¢367-70.
http://www.medicinaoral.com/odo/volumenes/v10i4/jcedv10i4p367.pdf

Received: 12/12/2017
Accepted: 17/02/2018

Article Number: 54571 http://www.medicinaoral.com/odo/indice.htm
© Medicina Oral S. L. C.I.F. B 96689336 - eISSN: 1989-5488
eMail: jced@jced.es
Indexed in:
Pubmed
Pubmed Central® (PMC)
Scopus
DOI® System

Abstract

Background: The purpose of this in vitro study was to evaluate the effect of conventional surface treatment with
acid solutions on the surface roughness of a zirconia-based ceramic.

Material and Methods: Specimens of yttrium-tetragonal zirconia polycrystal (Y-TZP) -based ceramic were fabrica-
ted (5.0 x 5.0 x 2.0 mm, n=40). The specimens were submitted to the tested surface treatment method and divided
into 4 groups (n=10): no treatment-control (GI), airborne 110 um aluminum oxide particle abrasion for 1 minu-
te-conventional method (GII); etching with 48% hydrofluoric acid for 2 minutes (GIII), and nitric acid/hydrofluoric
acid etching for 2 minutes (GIV). The surface roughness (Ra) test was performed, followed by AFM analysis. The
results were analyzed by ANOVA and the Tukey test, with the level of significance set at a=.05.

Results: The surface treatment with acid solutions (0.16 £+ 0.02-GIII; 0.11 £ 0.01-GIV) promoted a significant
increase in roughness, with higher mean Ra values of Y-TZP (um) compared to control (0.06 = 0.01-GI) (p<.05),
and lower values compared to the conventional method (0.21 + 0.06-GII). The aluminum oxide particle treatment
resulted in deep microretentions forming sharp Y-TZP peaks compared to only microretentions with acid solution
treatments.

Conclusions: All Y-TZP treatments effectively promoted microretention in the ceramic. Hydrofluoric acid (48%)
proved to be more effective in increasing the Ra of Y-TZP than the nitric acid/hydrofluoric acid treatment. Atomic
force microscopy images revealed that both acid solutions modified the surface of the Y-TZP in a uniform manner.
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Introduction

The growing demand for esthetics has led dental pro-
fessionals to make an increasing use of ceramic systems
for oral rehabilitations due to their properties, such as
translucence, chemical stability, fluorescence, biocom-
patibility, compressive strength, and a coefficient of
thermal expansion closely similar to that of natural teeth
(1-3). However, one of the main causes of unsuccessful
rehabilitations when using these systems is cementation
failure. This factor may be mainly related to insufficient
treatment of the internal surface of the ceramic before
the clinical cementation procedure.

Among the surface treatment options, etching with hydro-
fluoric acid at different concentrations is the method most
frequently used for ceramics that contain a vitreous phase.
Internal airborne particle abrasion of the surface with alu-
minum oxide particles of different sizes and the applica-
tion of amphoteric agents (silane) may also be used (1,4).
For zirconia oxide-based ceramics, airborne aluminum
particle abrasion plays an important role in improving
bond strength by increasing surface roughness and re-
moving contaminating substances (4,5) when used in
combination with a silane agent which will permeate
the irregularities of the ceramic surface, facilitating the
bonding process (6). However, there still is no consensus
about the best surface treatment method to use before
the adhesive cementation of dental prostheses made of a
zirconia oxide-based ceramic material since the micro-
porosities induced by airborne particle abrasion may act
as crack-initiators and weaken the ceramic restoration
(7,8). Moreover, the airborne particle abrasion systems
Rocatec, Silicoater MD and Er-YAG laser require spe-
cial equipment, increasing operating costs (9).
Therefore, it is necessary to investigate new methodolo-
gies that may improve the long-term results and that do
not interfere with the properties of ceramics. The pur-
pose of the present study was to evaluate the effect of a
conventional method and of surface treatment with acid
solutions on the surface roughness of an yttrium-tetra-
gonal zirconia polycrystal (Y-TZP)-based ceramic. The
null hypothesis was that the different surface treatments
would not affect the surface roughness of the tested zir-
conia.

Material and Methods

-Sample

Forty block-shaped specimens (5.0 x 5.0 mm and 2.0
mm in thickness) of a ceramic reinforced with zirconia
oxide and stabilized with Y-TZP (Lava, 3M ESPE St.
Paul, MN, USA) were fabricated using a metal matrix.
The specimens were divided into 4 groups according to
the surface treatment method: no treatment-control (GI),
airborne 110 pm aluminum oxide particle abrasion for
1 minute-conventional method (GII), etching with 48%
hydrofluoric acid for 2 minutes (GIII), and nitric acid/
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hydrofluoric acid etching for 2 minutes (GIV). The one
factor evaluated was surface treatment for the experi-
mental groups (n=10).

The ceramic blocks were individually fixed in a silico-
ne matrix and filled with colorless self-polymerizing
acrylic resin (Vipi Flash, Vipi, Sdo Paulo, Brazil). The
blocks were polished with silicone oxide abrasive pa-
per grains 600 and 1200 in a vertical polishing machine
(Ecomet 300PRO; Buehler, Lake Bluff, IL, EUA) and
felt disc with diamond paste. The acid solutions were
applied with the aid of a pipette for the time determined
and all specimens were then washed with distilled water.
After polishing and surface treatment, the specimens
were submitted to surface roughness measurement using
the Dektak III profilometer (Veeco, New York, USA).
The appliance was calibrated with a measurement filter
at 0.25 mm (cut-off), readout speed of 0.1 mm/sec and
evaluation length of 1.25 mm. Three consecutive measu-
rements were made in different regions of the specimens
(central, right, and left) and the arithmetic mean rough-
ness (Ra) expressed as um units was obtained.

After the roughness measurement, one specimen of each
group was characterized by atomic force microscopy
(AFM, Dimension Icon, Bruker, Billerica, MA, USA).
For surface characterization, each specimen was meta-
llized before the reading procedure. The test was perfor-
med in an area of 10 pum2, number of lines 512, with a
300 nm data scale. The readout speed ranged from 0.39
to 1.0 Hz according to the characteristics of each test
specimen. The images obtained were manipulated for
transformation from 2D into 3D. Nanoscope 5.12r5 sof-
tware (Nanoscope III - Digital Instruments, USA) was
used, with care taken to maintain the same angle of light
incidence and rotation.

-Data analysis

The quantitative surface energy data were analyzed by
1-way repeated-measures analysis of variance (ANO-
VA), followed by the Tukey HSD test (a=.05). AFM
images were compared visually among groups.

Results

The mean roughness values obtained were analyzed sta-
tistically and ranged from 0.06 um to 0.21 pm (Fig. 1).
The airborne aluminum particle abrasion (0.21 + 0.06-
GII) promoted a significant increase in mean roughness
values (Ra, um) compared to control (0.06 + 0.01-GI).
However, the surface treatment with acid solutions (0.16
+ 0.02-GIII; 0.11 + 0.01-GIV) also showed significant-
ly higher mean roughness values (p<.05) compared to
control, but significantly lower values (p<.05) compared
to the conventional method-GII. Furthermore, treatment
with 48% hydrofluoric acid (0.16 + 0.02-GIII) induced
significantly higher roughness values (p<.05) than treat-
ment with nitric acid/hydrofluoric acid (0.11 + 0.01-
GIV) (Fig. 1).
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Fig. 1: Comparison of Ra among groups tested with different surface
treatments. Different uppercase letters indicate statistical differenc-
es (p<.05) between groups.

Topographic modifications on the zirconia surface were
identified through AFM images. GII specimens showed
images with deep microretentions forming sharp peaks
with the presence of irregularities similar to surface de-
teriorations and different from the control group (GI,
Figs. 2A and B). GIII and GIV specimens showed ima-
ges with uniformly distributed microretentions (Figs. 2C
and D).

Fig. 2: A. GI- Control: without any previous treatment. B. GII- Con-
ventional method: Airborne Al,O, particle abrasion for 1 minute. C.
GIII- Acid tretament: 48% hydrofluoric acid for 2 minutes. D. GIV-
Acid tretament: nitric acid/hydrofluoric acid for 2 minutes.

Discussion

The null hypothesis was rejected because the all-surface
treatment methods changed the surface topography of
the tested ceramics. Zirconia is characterized as a cera-
mic with three crystallographic configurations, namely:
monoclinic (M), tetragonal (T) and cubic (C). The addi-
tion of stabilizing oxides has been recommended in or-
der to stabilize the zirconia phases. The most frequently
used are Yttrium (Y,0,) and Cerium (CeO,). In order to
be used in Dentistry, this ceramic must be shown to have
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crystals in the tetragonal phase under ambient tempera-
ture and pressure conditions (4,10,11).

The bond of ceramic restorations to dental substrates
allows the dissipation of stress generated by masticatory
function, so that the tooth and restoration function as
one integrated system (12). In view of this, it is impor-
tant for the dentist to perform previous treatment of the
internal surface of ceramics, according to the approach
used in the present study. The surface treatments with
hydrofluoric acid and airborne aluminum oxide particle
abrasion (Al,O,) have been shown to be efficient for
feldspathic ceramics and those reinforced with lithium
disilicate (4,8,13). For aluminum oxide and zirconia-ba-
sed ceramics, these methods were unable to modify the
morphological characteristics of their surfaces (2,12).
Some studies have found that the roughness of zirco-
nia-based ceramic was increased when silicatization was
used (airborne particle abrasion with coating of AL O,
particles with a silica layer) or even airborne Al,O, par-
ticle abrasion only (2,10,14). Is it known that the powder
particle size used in airborne particle abrasion is impor-
tant as regards surface treatment. The impact speed of
particles on the substrate causes the smaller sized par-
ticles (30 or 50 um) to have a more aggressive action,
producing gaps or deeper surface defects. The larger
particles (100 or 110 pm) may not have a significant
effect on increasing the depth of surface microretentions
in ceramic because of its high resistance (15-18).

In our study we observed that the surface of the tested
ceramic was modified by airborne Al O, particle abra-
sion and acid solutions, with higher mean roughness
compared to control (Fig. 1). However, the acid solution
surface treatments showed AFM images with uniformly
distributed microretentions (Fig. 2C,D). Some authors
have reported that airborne particle abrasion of zirconia
oxide-reinforced ceramic systems may be effective only
at first and may not be stable, with a significant reduc-
tion in bond strength after different storage periods and
thermal cycling (8,11). The mechanical stress caused by
airborne particle abrasion induces transformations from
the tetragonal to the monoclinic phase, later resulting in
compressive stress (11).

The rate of adhesive failure in ceramics is of the order
of 2.3% to 8%, so that the integrity of the cementing
agent on the ceramic surface becomes important in or-
der to guarantee the longevity of restorations. In view of
this, the failures observed on the cement surface indicate
the need for efficient etching methods in order to increa-
se the bond strength at the tooth-restoration interface
(5,6,12,19). Surface treatment allows the physical and/
or chemical bond to the ceramic substrate to be effected
(1,20). If not treated, this ceramic may behave as an inert
substrate, with low surface energy and wettability.
Pretreatment of zirconia oxide-based ceramic must be
performed but must not compromise the long-term res-
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toration longevity. Creating microretentions in a highly
resistant ceramic substrate with a view to preparing it
for cementation is not an easy task, because its surface is
compact, hard and difficult to change (9,21). Additional
studies should be performed to determine the efficacy of
the surface treatment methods for zirconia oxide-based
ceramics, particularly with the use of stronger acids.

Conclusions

On the basis of the present results, we may conclude
that: (1) all the surface treatments performed were effec-
tive in promoting microretentions in the Y-TZP as de-
termined by AFM imaging. (2) The Y-TZP treated with
aluminum oxide particle abrasion (conventional me-
thod) showed a significantly higher Ra and deep micro-
retentions on the topographic surface. (3) On the other
hand, the acid solution treatments statistically affected
the Ra compared to control and both modified the topo-
graphy of the Y-TZP in a uniform manner. (4) Treatment
with 48% hydrofluoric acid proved to be more effective
in increasing the Ra of the Y-TZP compared to the nitric
acid/hydrofluoric acid treatment.
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